13C -NMR; quinoxaline; furo [3,2-b] indole.
It is known that 1-acetyl-2-hydroxyindolines can exist in equilibrium with their openchain tautomers.1) Previously, we have reported the preparation of the 1-acety1-2-hydroxy-3indolinones 1-3 and the 1-acetyl-2,3-dihydroxyindolines 4 and 5 by the oxidation of 1acetylindoles with an oxodiperoxomolybdenum comound.2) Since the 2-hydroxyindolines 1-5 may possess two or more reactive sites which are interrelated by their ring-chain tautomerism, they are expected to be attractive synthetic intermediates to heterocyclic compounds.3) We have now examined some reactions of the 2-hydroxyindolines 1-4, and also reinvestigated the spectral properties of 1-5 in order to understand their ring-chain tautomerism.
Spectral Properties
Since Harrison1 g) had established the ring-chain tautomerism of 2-hydroxyindolines by examination of their 13C-nuclear magnetic resonance (13C-NMR) spectra, we first reexamined Table I. In CDCl3, 1-acetyl-2-hydroxy-2-phenyl-3-indolinone (1) exists as a mixture of ring (1A) and chain (1B) tautomers. Thus, the 13C-NMR spectrum showed signals due to C-2 (6 90.35), C-3 (196.23 ) and amido carbonyl carbons (171.32) of 1A, and the two keto (192.97, 198.84) and amido carbonyl carbons (169.87) of 1B, and the 1H-NMR spectrum showed signals due to the two acetamido protons at 6 2.27 and 2.02, in the ratio of ca. 1 : 2. When the spectra were recorded in dimethylsulfoxide (DMS0)-d6, there was a striking change in the ratio of 1A and 1B; only the signals due to 1A were observed, while no signal due to 1B was seen.4) It was found that the ratio of 1A and 1B depends on the nature of the solvent; 1 tends to exist as the ring form 1A in a polar solvent.
Similarly, the 2-methyl-2 and 2-unsubstituted 2-hydroxy-3-indolinones 3 were found to exist in DMSO-d6 as the ring tautomers 2A and 3A, respectively.4) It is known1b -f) that the ring-chain tautomerism of 2-hydroxyindolines is dependent on the substituent at the 2position; in DMSO-d6, 2-unsubstituted derivatives exist preferentially as the ring forms, while 2-substituted ones exist as the chain forms. In the case of 1-3, however, the ring tautomers A are predominant in DMSO-d6. This predominance can be explained on the basis of the participation of the carbonyl group at the 3-position in the stabilization of the ring tautomer A, while is analogous to the finding that carbonyl compounds with electron-withdrawing groups tend to form their hydrates, e.g., 1,2,3-indantrione, glyoxal, and so on.5)
The "C-NMR spectrum of 1-acetyl-2,3-dihydroxy-2, 3-dimethylindoline (4) in CDCl3 was identical to that reported by Harrison,1g) corresponding to a mixture of ring (4A) and chain (4B) tautomers. Although the ring of 4A can exist in two stereoisomers, the and 14 and the 2-hydroxy-3-methoxycarbonylmethyleneindoline 15 in 29% and 52% yields, respectively. The structures of 14 and 15 were determined on the basis of their analytical and spectral data; the parent ions in the mass spectra (MS) each appeared at m/z 323, indicating that 14 and 15 are isomeric. The infrared (IR) spectrum of 14 showed three carbonyl bands at 1742, 1736, and 1680 cm-1, and in the 1H-NMR spectrum two doublets (J=16 Hz) due to methylene protons were observed at 63.68 and 4.02. On the other hand, the 1H-NMR spectrum of 15 in CDCl3 showed two singlets at 6 5.82 and 6.36 (one proton in total) due to the olefinic protons and two singlets at 6 1.82 and 2.12 (three protons) due to the amidomethyl protons. The spectrum indicated that, at least in CDCl3, the product 15 exists in two forms, the ring and chain tautomers, 15A and 15B, as well as 1. Thus, in the "C-NMR spectrum (CDCl3), there were four singlets due to ester and amido carbonyl carbons at 6 165. 13, 166.87, 168.63, and 171.60 , and two doublets due to olefinic carbons of 15A and 15B at 6 113.96 and 116.58, and further a singlet due to the keto carbonyl carbon of 15B at 6 196.29 and a singlet due to 2-C of 15A at 6 94.63. However, we could not clarify the E and Z stereochemistries of 15A and 15B. The formation of 14 may be understood in terms of attack of the ylide 12 on the benzoyl carbonyl of 1B, leading to 13, followed by cyclization (path a), while the formation of 15 may occur by attack of 12 either on the other benzoyl carbonyl of 1B (path b) or on the carbonyl of 1A (path c) as shown in Chart 3. When 2 was allowed to react with 12, the 2-methoxycarbonylmethyl-3-indolinone 16 was obtained in 76% yield, together with 17 in 9% yield. The structures were confirmed by the analytical and spectral data (see Experimental). The preferential formation of 16 may be explained as follows; since the chain form 2B may exist in a small amout under the reaction conditions, the ylide 12 may attack the acetyl carbonyl group of 2B (path a), which is more reactive than the benzoyl of 2B and the 3-keto carbonyl of 2A.
In contrast, the reaction of 3 with 12 preferentially gave the 2-hydroxy-3-methoxycarbonylmethyleneindoline 18 in 81 % yield; the structure of 18 was assigned on the basis of its spectral data (see Experimental). In this case, no evidence was found for the existence of the open-chain form 18B in DMSO-d6.4) The formation of 18 may proceed via attack of 12 on the carbonyl of 3A (path c), since, if 12 reacts with 3B, it would attack not the benzoyl carbonyl of 3B, but the more reactive aldehyde carbonyl of 3B (path a) to form another type of product such as 16.
These results show that the reaction course is dependent on the substituent at the 2position of 1-3, since it affects the ring-chain tautomerism.
Finally, we examined the acetylation and reaction of the 2,3-dihydroxyindoline 4 with the ylide 12. Treatment of 4 with acetic anhydride in pyridine gave the 2-acetoxymethyl-3-methyland 3-acetoxymethyl-2-methylindoles, 20 and 21, in 41% and 15% yields, respectively; the structures of these products were confirmed by the spectra data (see Experimental). The formation of 20 and 21 can be explained by the acetylation of the ring form 4A, leading to the diacetate 19, followed by elimination and rearrangement of the acetoxy groups, as shown in Chart 4. The reaction of 4 with 12 gave the furo [3, 2-b] : 24.20 (q, COMe), 51.74 (q, -OMe), 94.84 (s, C-2), 118. 08, 124.65, 124.67, 125.22, 128.94, 128.96, 129.00, 129.29, 138 
